The morphology of the 1 st -instar, 2 nd -instar male and female, 3 rd -instar female and adult female of Kermes vermilio Planchon (Hemiptera Coccoidea Kermesidae) are described and illustrated; micrographs of some morphological details are also provided. An identification key to instars and a table showing the present status of knowledge on the morphology of European and Mediterranean Kermes instars is included.
Introduction
The genus Kermes Boitard, 1828, includes 63 species, distributed throughout the northern hemisphere and strictly linked to Fagaceae of the genus Quercus, although some Asiatic Kermes have been collected off other fagaceous genera such as Castanea, Castanopsis, Pasania, Lithocarpus and two North American species off Chrysolepis (Miller et al., 2005; Ben-Dov et al., 2012) . Twenty Kermes species have been recorded so far in Europe and the Mediterranean Region, all off deciduous and evergreen oaks (Table 1) .
Kermes vermilio Planchon lives on evergreen oaks, mainly on Quercus ilex L., and occurs throughout the Mediterranean countries. In the past, it was of great economic importance as a red dye source until it was replaced by the Mexican cochineal insect, Dactylopius coccus Costa, 1829. In Italy, the species has only been reported rarely as a pest but, since 1987, it has become invasive on ornamental Q. ilex trees and heavy infestations have been recorded in urban environments, mainly in Central and Southern Italy (Belcari & Minnocci, 1989; Belcari, 1991; Del Bene & Landi, 1992; Andreatta, 1996; . In the small town of Rapolla (South Italy, Basilicata region), the infestation was so heavy in Spring 1993 that up to 750 individuals/m of branch were recorded. This heavy infestation provided the opportunity to study its biology and the morphology of the different instars. During this morphological study, the presence of frontal lobes on 2 nd -instar males and females, 3 rd -instar females and prepupae, previously known only in the Fam. Eriococcidae (Williams, 1985) , was observed for the first time in the family Kermesidae .
The morphology of Kermes species, based on microscopic characters, is still largely unknown. With regard to Mediterranean and European species, Leonardi (1920) gave a description of the first instars of K. vermilio, K. roboris (Fourcroy), K. ilicis (Linnaeus) and K. bacciformis Leonardi. Balachoswky (1950) described and illustrated in detail the first instars of K. vermilio, K. roboris, K. quercus (Linnaeus), K. ilicis and K. bacciformis and, later (1953) , the first instars of three new species, namely K. echinatus, K. palestiniensis and K. spatulatus. Borchsenius (1960) described and illustrated the first instar and the adult male and female of K. quercus, and also nymphal instars of other Kermes species (see Table 1 ). Tsalev (1964) described and illustrated the first instar of K. gibbosus Signoret. Sternlicht (1969 Sternlicht ( , 1972 described adult female and nymphal instars of K. bytinskii and K. williamsi (Table  1) . Koteja (1974) studied the morphology of the labium of K. quercus. A notable effort in describing the nymphs and young adult females of Nearctic species was made by Bullington and Kosztarab (1985) and Baer and Kosztarab (1985) . More recently, Podsiadlo (2005; 2005a , 2012 described the nymphs of K. quercus and some morphological peculiarities in the adult female. Williams (2007) gave an account of the Kermes species described by Linnaeus and discussed the possible priority of the binomen K. ilicis Linnaeus over K. vermilio (Planchon), credited by Linnaeus as the species producing red dye.
With regard to K. vermilio, the morphology of the 1 st -instar nymph, 3 rd -instar female nymph and the pre-reproductive adult female were described and illustrated many years ago (Balachowsky, 1950; Borchsenius, 1960) , but the 2 nd -instars nymphs (male and female), prepupa, pupa and adult male are still undescribed. This paper presents descriptions or redescriptions of the 1 st -instar nymph, 2 nd -instar male and female nymphs, 3 rd -instar female nymph and adult female of K. vermilio, based on specimens mostly taken from a single deme, but compared with specimens collected in other Italian locations.
This paper is in memory of our late colleague Salvatore Marotta. Salvatore prepared a first draft of this paper and made the first drawings of the morphology of K. vermilio before his untimely death in December 2001. We have compared Salvatore's descriptions with his slide material and have rewritten the text based on his text but including recent observations. In addition, the figures have been redrawn and the key to instars, plates, synopsis of Kermes species in the Mediterranean and the comments have been added by Pellizzari, Porcelli and Convertini.
Material and methods
The specimens were collected off Quercus ilex in North, Central and South Italy. Those collected in South Italy (Rapolla (PZ), Basilicata region, April 1993 -May 1995, leg. S. Marotta) were mounted according to the procedure described by Bullington and Kosztarab (1985) . The specimens collected in North and Central Italy (Toblino, Trento, 15.v.1990, slides n. 290; Verona, 16.v.1994, slides n. 549/1-4; Pescara, 21.viii.2008 , slides n.1517/1-7, leg. G. Pellizzari) were mounted according to the procedure described by Kosztarab and Kozár (1988) . Some adult females were split into dorsum and venter to provide a clear view on the morphological structures.
Observations were made in bright field and Phase contrast by Axiophot, Photomicroscope III and Standard WL Zeiss microscopes. Details of some uncoated, cold tetrahydrofuran de-waxed, adult post-reproductive females were studied and pictured by Hitachi TM3000 SEM in charge-reduction mode. Measurements were taken on 50 1 st -instars specimens and on 20 specimens of each other instar. Morphological details were checked on additional specimens. Measurements are in millimetres or microns and include the average followed by the range in parenthesis. Terminology follows that of Bullington and Kosztarab (1985) and Baer and Kosztarab (1985) , except that hairlike setae are referred to as trichoid setae and fleshy setae as chaetic setae (following Snodgrass, 1935) . Specific terminology for K. vermilio includes the basal protrusion, or frontal swelling, and the frontal lobes, previously defined and described by Williams (1985) and .
Specimens depository: all specimens are deposited in the Scientific Museums of the University of Padova (Italy), at the Department of Agronomy, Food, Natural resources, Animals and Environment -DAFNAE, viale dell'Università 16, 35020 Legnaro, Italy.
Kermes vermilio Planchon, 1864
FIRST INSTAR NYMPH (Fig. 1 ). Living specimen: oval and flat, orange-red (Plate 1: c), with yellow legs. Settled specimens at first covered by mealy-white wax secretion, and then by thin wax threads. In overwintering specimens, the secretion consists of wax tufts regularly arranged on dorsum. (Leonardi, 1920; Balachowsky, 1950) Kermes (Balachowsky, 1950; Borchsenius, 1960; Williams, 2007) Kermes muhlisi Bodenheimer
Turkey
Quercus sp. (Balachowsky,1950; Borchsenius, 1960; Koteja & ZakOgaza, 1972; Podsiadlo, 2005; 2005a; 2012; Williams, 2007) Kermes roboris (Fourcroy) Widely distributed in Europe Comments. Descriptions of 2 nd -instar Kermes females are very few, probably because this stage is present on the host plant for a very short time. Among the Palaearctic species, the only other described 2 nd -instar females are of K. bytinskii (Sternlicht, 1969) and K. quercus (Podsiadlo, 2012) . K. bytinskii differs from K. vermilio as follows (characters of K. vermilio in brackets): marginal setae hair-like (spine-like); presence of well developed legs (legs tubercle-like); tubular ducts present on dorsum and venter (on venter only); trilocular and 5-locular pores present on dorsum (on venter only). K. quercus differs from K. vermilio mainly by the presence of tubular ducts on dorsum and of numerous 5-locular pores on venter.
Some Nearctic 2 nd -instar females have been described and all have well-developed legs and 5-locular pores restricted to the venter only. In addition, K. cockerelli Ehrhorn has few dorsal setae and rare dorsal simple pores which, according to Baer & Kosztarab (1985) , are easily missed; K. rimarum Ferris has only 2 dorsal longitudinal rows of small submedial setae and no dorsal pores; and K. concinnulus Cockerell has 2 dorsal longitudinal rows of small submedial setae and scattered simple pores on dorsum, each 2 μ m wide (Baer & Kosztarab, 1985) . (Fig. 3) . Living specimen: similar to first-instar nymphs, but more elliptical; dorsum with white wax tufts regularly arranged and without thin wax threads.
SECOND-INSTAR MALE
Mounted specimen: body oval, 1.3 (0.9-1.6) mm long, 0.7 (0.5-0.9) mm wide. Dorsum. Marginal setae conical, short and stout, mostly 14 (11-17) μ m long, 6 (4-7) μ m wide at base, but with some smaller and thinner setae interspersed; with 35 (33-37) on each margin. Submedial conical setae, shorter and thinner than marginal setae, in 6-8 pairs, distributed in submedial rows from head to metathorax, each 7 (5-10) Comments. Among the Palaearctic species, the only other 2 nd -instar Kermes males described are those of K. bytinskii, K. williamsi (Sternlicht, 1969; 1972) and K. quercus (Podsiadlo, 2012) .They clearly differ from K. vermilio because their marginal setae are long and hair-like, whereas those of K. vermilio are spinose.The Nearctic 2 nd -instar males of K. cockerelli, K. rimarum and K. concinnulus also have long, hair-like marginal setae, and also tubular ducts and 5-locular pores scattered on both the dorsum and venter (Baer & Kosztarab, 1985) .
THIRD-INSTAR FEMALE (Fig. 4) . Living specimen: body largely oval or hemispherical, red or brown; dorsum covered with glassy wax with some protruding conical waxy tufts regularly distributed (Plate 1: d).
Mounted specimen: body rounded, 1.8 (1-2.4) mm long and 1.6 (0.9-2.8) mm wide. Dorsum. Marginal setae conical, thick, with 88 (66-111) setae on each margin, of three different size randomly placed: 1) large setae, each 17 (15-19) Comments. Borchsenius (1960) described and illustrated the 3 rd -instar nymph ("older larval stage") of K. vermilio. His description is similar to ours although he did not recognise the presence of dorsal and ventral bilocular pores. Borchsenius (1960) also provided a description and drawing of the 3 rd instar of K. globosus Borchsenius. From his drawing, we can infer that this Asiatic species has segmented legs, a ventral submarginal band of tubular ducts, simple pores and 5-locular pores scattered throughout the dorsum. Among the Nearctic Kermes, only the 3 rd instar of K. sylvestris (Cockerell & King) has been described and illustrated: it has a ventral submarginal band of tubular ducts, marginal spine-like setae and 5-locular pores sparse on body margin and venter (Bullington & Kostzarab, 1985) . No other 3 rd instars of Kermes species have been described. It should be noted that the description and illustration of the 3 rd instar of the K. bytinskii by Sternlicht (1972) is clearly a pre-reproductive adult female. ADULT FEMALE (Fig. 5) . Living specimen: fully-grown reproductive females sub-spherical, dark red or brown, covered with a fine white or pale grey mealy wax; body 5 (3-7) mm long, 4.7 (2.7-6.6) mm wide and 4.6 (2.6-6) mm high (Plate 2: a, b, c) . Due to their heavily sclerotized cuticle, these are unsuitable for a reliable identification based on microscopic morphological characters. The following description is based on young pre-reproductive females.
Mounted specimen: body of young pre-reproductive rounded, 3.3 (1.7-3.5) mm long and 3 (1.3-3.4) mm wide. Comments. Our description of the adult female of C. vermilio agrees well with that of Borchsenius (1960) although he did not record the tubular ducts across the ventral segments nor the presence of dorsal bilocular pores.
The structure of the multilocular disc-pores in the adult female was studied under a SEM microscope (Plate 2, f) and proved to be different from their appearance under the phase-contrast microscope (Plate 3, c) and as usually represented in scientific drawings. The structure suggests that a ridged waxy tube rather than several wax filaments is extruded through this kind of pore. Possibly this pore structure is similar throughout the Kermesidae and SEM studies could show a similar morphology in other Kermes species.
In comparison with other adult female Kermes, those of K. vermilio lack legs (i.e. not even reduced to tubercles), whereas the adult females of other Palaearctic or Oriental Kermes species (i.e. K. bacciformis, K. corticalis, K. quercus, K. roboris, K. williamsi, K. bytinskii, K. (Leonardi, 1920; Kuwana, 1931; Borchsenius, 1960; Liu, 1995; Liu and Shi, 1995) have segmented legs, even if the segments are reduced or partially fused. This is also true of the Nearctic species (Bullington and Kosztarab, 1985) . Ferris (1955) pointed out the extreme difficulty that students of Kermes morphology face when trying identify or describe them, due to the heavy sclerotization that the mature adult develops, referring to this as an "almost impossible situation". It is well known that the descriptions, and the subsequent identification of Kermes species, are mainly based on the external appearance of post-reproductive females, and this can vary depending on several factors (age, exposure to meteorological agents, etc). Balachoswky (1950) provided the first identification keys to European and West Mediterranean species (K. vermilio, K. roboris, K. ilicis and K. bacciformis) based on first-instar nymphs, whose morphological characters are stable and reliable. Later, the same author (1953) gave a short description based on the external appearance of postreproductive females of three new species from Israel, namely Kermes echinatus, K. palestiniensis and K. spatulatus, and also provided detailed descriptions of their first instars, so making possible a reliable identification. However, he also observed that these three new species could be junior synonyms of K. biblicus (Bodenheimer) , K. greeni Bodenheimer, and K. nahalali Bodenheimer, also described from Israel, but based on post-reproductive females only (Bodenheimer, 1926; . According to Ben-Dov & Harpaz (1985) , no type material of K. biblicus is available and so its status may never be clarified.
Comments on genus Kermes
This situation is complicated by the fact that several Kermes species have been described from just one country: i.e. a total of 7 Kermes species are known only from Israel. Of these, K. biblicus, K. echinatus, K. greeni, K. nahalali, K. palestiniensis, are known only off Quercus coccifera whereas the other three species are known off Q. ithaburensis and Q. aegilops. In addition, 4 other Kermes species are known only from Turkey (see Table 1 ). Altogether 9 species have been described using the external appearance of the post-reproductive female only (see Table  1 ). In the absence of descriptions of their 1 st -instar nymphs, misidentifications or synonymies are to be expected. The present status of knowledge on the morphology of European and Mediterranean Kermes instars is reported in Table 1 . A revision of the species and the description of the first instars of most of these species are greatly needed and would help to clarify their systematic position.
